In 2008 to 2009 our team conducted a small, 10 subject pilot of an ATNS system with language-and culture-concordant counseling. Over a 12-week period, patients received phone calls at least twice a week from a computerized system asking them how many portions of a given food they had consumed, totaling across several categories, tabulating servings of high glycemic index foods, and providing tailored messages to patients based on the number of servings either encouraging them to continue eating lower glycemic index foods or reminding them to limit eating higher glycemic index foods. At study initiation, 6, and 12 weeks, biometric measurements were made and blood samples were obtained. The pilot study showed very promising results in this population, with subjects (all of whom received the intervention) experiencing a drop in hemoglobin A1c % of 1.9 points, from 10.3 to 8.4.
On the basis of this very promising pilot, we then conducted a small follow-up randomized controlled trial in Oakland, California, among patients being treated at a federally qualified health center, of the ATNS intervention.
Methods

Design and Setting
We conducted a prospective, randomized, open-label trial (ClinicalTrials.gov #NCT01040676) with blinded endpoint assessment at, and in partnership with, La Clinica de la Raza (LCR), a large federally qualified health center in Oakland, California, which serves a predominantly Spanish-speaking population. The Institutional Review Board at UCSF and the Quality Assurance Subcommittee of LCR jointly approved this study.
Recruitment and Inclusion/Exclusion Criteria
We requested permission from the adult primary care providers at LCR to directly contact patients for participation in the study, or to opt out on their patients' behalf (which none did). The LCR investigators then obtained an extract from the electronic record of patients with inclusion criteria of at least 2 visits to LCR in the last 1 year and a Hemoglobin A1c % (A1c) on most recent visit > 8.5, with the patient not being on insulin; the inclusion criteria were later relaxed to A1c > 8.0 and any insulin status as the first query yielded too few patients (<80). An aid at the clinic (MV) then called patients on the list with an upcoming appointment (n = 119) the night prior to an upcoming appointment, asking if they were interested in the study and, if they were, screening them for exclusion if they had end stage heart, liver, or renal disease, were pregnant, or did not speak Spanish. Patients not meeting exclusion criteria then received a brief description of the intervention, followed by an assessment of interest, a request for verbal consent, and an invitation to participate in the study by arriving at the clinic an hour before the appointment to undergo study procedures.
Baseline Visit
All patients who arrived at LCR the day after the screening phone call and provided informed consent to participate in the study (n = 75) watched a 10 minute informational video describing the dangers of uncontrolled diabetes, the benefits of a low-glycemic index diet, and a description of the study protocol. They then underwent baseline anthropomorphic measurements of height, weight, blood pressure, and waist circumference; and had their blood drawn for assessment of A1c and lipid parameters (total cholesterol, triglycerides, high density lipoprotein, and low density lipoprotein). Patients received a $10 gift card for attending this initial visit.
Glycemic Index
Encouraging adults with diabetes to substitute low-glycemic index foods for high-glycemic index foods has a solid pathophysiological basis 20, 21 and has been associated in practice with small but clinically meaningful improvements in glycemic control as measured by hemoglobin A1c % (A1c). 22, 23 Accordingly, as they had in the Mexican pilot, all patients in the current study received information, in this case via the educational video described above, regarding the dangers of a Western diet high in refined sugars with the alternative framed as a return to an ancestral diet with low glycemic index foods. 24 The main categories of high-glycemic foods to avoid were specified as (1) white breads (pan dulce) and cakes, (2) white rice, (3) potatoes, (4) flour tortillas, (5) refined breakfast cereals, (6) sweets and candies, and (7) sugar-sweetened soft drinks. A special "substitution card" (laminated 8 × 10 inches) with pictures of healthy (and unhealthy) food choices was provided to each participant. The foods represented on the card were chosen specifically to be typical of foods consumed by Latinos in Mexico and the Mexican diaspora ( Figure 1 ).
ATNS Intervention: Framework, Design, Modification, and Implementation
The ATNS intervention was initially designed to meet the needs of low-income, community dwelling adults with a working telephone in Mexico as per the pilot study described above. In accordance with Green and Kreuter's PRECEDE model 25 we targeted specific predisposing, enabling, and reinforcing factors contributing to food choices among the target population with our intervention. To address predisposing factors such as knowledge, attitudes and awareness, we provided education about (1) the importance of minimizing high-glycemic index foods among patients with diabetes, (2) common foods in their diet which have a high glycemic index, and (3) low/moderate glycemic index food substitutes. To address enabling factors (eg, facilitate the intended behavior change) we created the ATNS to provide easy self-assessment and feedback about high-glycemic food intake. To address reinforcing factors we included motivational messages based on each patient's intake reported through the ATNS.
The ATNS system was designed as follows. After a brief introductory message, participants were asked questions in the format ("How many servings of ___ did you eat yesterday?") to which they could respond using their telephone key pad. Each serving of each food type was added together to create a "summary" estimate of high-glycemic index food consumption on survey conclusion that was then provided to patients at the conclusion of the call. If the sum of all high glycemic index foods in the previous 24-hour period was 2 or fewer servings, the message was one of congratulations and positive feedback; if 3-4 servings, the message was more cautious and provided some education about appropriate low-glycemic index foods; and if 5 or more servings, then it provided a more educational message regarding high and low-glycemic index foods. 25 The ATNS system was designed and implemented using a Dialogic telephone card installed in a desktop computer and connected to a land line, programmed using Telesage software (Boston, MA).
The ATNS system described above was modified for the current study by including a few additional foods our LCR partners (PB, MV, JT) knew to be more commonly consumed among the population in Oakland (as compared to Ahuatepec, Mexico) and voice prompts were re-recorded using MV's voice to improve local acceptability for the intervention. The scale for providing feedback was also modified so that eating 0-1 serving of high glycemic index foods resulted in positive feedback; 2-3 servings resulted in cautious feedback and suggestions regarding low glycemic index foods; and 4 servings resulted in the more educational/warning message regarding high glycemic index foods-also based on the knowledge of this community of our LCR partners.
Patients were selected into one arm or the other of the study using a random number generator. The ATNS call was delivered to patients in the intervention arm at the phone number they had provided at the baseline visit, attempting to contact them at least twice a week (more frequently if they did not answer or complete a call), enabling them to quantify their 24-hour eating patterns as described above. The control group received usual care and the ATNS phone call 14 weeks after enrollment, after the second and final study visit.
Follow-up
Twelve weeks after the baseline visit, patients were called back in for a second and final study visit, during which anthropometric measurements and lab work were obtained again. If patients could not be reached by an initial phone call, the aid called each patient at least 3 times over the subsequent 2 weeks, mailing cards to their home, and contacting any backup phone numbers in the clinic database. Patients received a $20 incentive card at the follow-up appointment.
Statistics and Power Calculation
In the current study, assuming an 80% power to detect a difference in A1c of approximately 1.2% ± 1.5% (slightly over half the overall reduction seen in phase 1) between groups, and assuming 15% loss to follow-up, we aimed to enroll 80 total participants into our study. For our primary outcome of A1c, we assessed the difference between the ATNS group and the control group in overall change from baseline using the Wilcoxon rank sum test. We also used the Wilcoxon rank sum test for all other outcomes including blood pressure, weight, waist circumference, and lipid levels.
All analyses were carried out using Stata 11 (College Station, TX).
Results
We approached 78 (out of a target 80) patients between August 2010 and October 2011, ultimately enrolling 75 into the study. Patients in the intervention arm were broadly similar to those in the control arm but trended toward being more likely to be male (P = .12), having a larger waist circumference (P = .053), and being on a different number of diabetes medications (P = .07; Table 1 ). Over the course of the trial, patients in the immediate ATNS group received a mean of 26 calls, or 2.2 per week; they completed, on average, just 10 of these calls (40%), 0.8 per week. Figure 1 . The glycemic index card. Given in Spanish, this card provided both a list of foods high in glycemic index and potential substitutes immediately adjacent to it. During the phone calls patients received, they were asked about portions consumed of each of these foods (including a description of a portion if they had forgotten). The sum was tallied by the machine, and if the result was 0-1 portions of high glycemic index foods, they received a message of congratulations and encouragement to continue the same; for 2-3 portions, they received a message advising them to try to eat fewer portions and a reminder of what effective substitutes might be; and for 4 or more portions, they received a slightly more strongly worded message that also gave information about end-organ damage when diabetes remains uncontrolled.
Despite numerous attempts to contact patients for followup, only 49, or 65%, completed the second and final visit. Primary, non-mutually exclusive reasons for loss to followup included "phone disconnected (and no alternate number)" (4 patients), "refused to follow-up (reason not specified)" (4), "did not ever respond to messages left" (5), and "never showed up despite scheduling an appointment" (5) . Patients who completed follow-up were similar to those who did not in baseline characteristics except for having higher blood pressure ( Supplemental Table 1 ), with statistically similar numbers lost to follow-up in both the intervention and control groups.
The outcomes of the randomized controlled trial (RCT) are shown in Table 2 . Of the 49 patients who followed up at week 12, 26 were in the control group and 23 were in the intervention group. There were no statistically or clinically significant differences between these 2 groups in changes in A1c (-0.3% in the control group, -0.1% in the intervention group), or in any other anthropometric or laboratory measure.
Discussion
Despite a successful pilot study in Mexico, we found that a multidimensional intervention deploying video-based and in-person nutrition counseling and subsequently ATNS to promote reductions in high-glycemic food intake had no clinically significant effect on glycemic control and waist circumference for Spanish-speaking community-dwelling adults in care at a large federally qualified health center in Oakland, California. Moreover, patients in the intervention arm did not engage significantly with the intervention, rarely completing the calls they received, and in general following up at a disappointingly low rate despite several attempts to reach them and an incentive for doing so.
There have been multiple studies attempting to improve diabetes control through telephone calls with mixed results. 15, 16, 26, 27 This approach often requires both a high degree of motivation among patients and the expense of dedicating nursing or staff time to perform this activity. As information technology and particularly patient-facing information technology continues to improve, interventions seeking to improve patient lifestyle choices without the same expense have proliferated; 28, 29 yet, most of these interventions continue to rely on patients feeling motivated enough to use the application.
Failure to translate a successful intervention from Mexico to the United States likely represents major differences between the study populations in Mexico and the United States, leading to a mismatch between the intervention design and the health care needs of the target population (Supplemental Table 2 ). Patients in the Mexico pilot had a higher A1c at baseline (9.8 vs 9.0 averaged across the 2 arms in the current study) and none were using insulin therapy (compared with 27% in the current study). Perhaps even more important than the differences in disease severity was our likely selection of groups differing in Prochaska's stages of change with regard to nutrition and behavioral modification. 30 In Mexico, we recruited community-dwelling, motivated volunteers with limited access to health care, who were eager for more health care advice and support. In contrast, in the United States RCT we recruited volunteers from a diabetes registry of patients who-for a variety of reasons-had uncontrolled diabetes despite attempts at improving glycemic control with medical therapy and physician and dietitian counseling. Thus, in Mexico, a simple culturally concordant, information-based intervention with reminders through the ATNS seemed to meet a critical need among this population; whereas in the United States, usual medical care had not been sufficient to help them achieve control of their diabetes, and neither was the ATNS intervention. It is possible that the immigrant experience of the US patients could make diabetes management a low priority concern for patients-when faced with issues around deportation, crime and social stress that are likely to be less common or severe in the small, indigenous pueblo of Ahuatepec. The lack of familia and other community networks that are important buffers to stress and anxiety 31 are often hard to establish for immigrants in poor urban communities. However, this is total conjecture since we did not measure these factors in our study.
Failure of the ATNS intervention to improve glycemic control in the US study may also be due to modifications that were made to accommodate the randomized controlled trial study design. In the Mexico pilot, there was a period (6 weeks) during which a live person was handling follow-up, whereas in the RCT there was only ATNS. There may have been some trust and engagement created by the live person calls that were never established in the US study. Because A1c continued to fall after the calls were transitioned from the live person to the ATNS, and because we wanted to assess ATNS alone (a much less costly and scalable program than one requiring nursing or dietitian time), we did not include any component of live person phone calls in our follow-up. The other key intervention difference that could explain some of the difference in intervention impact was the live, group educational session led by a dietitian in the Mexico pilot versus the DVD educational module used in the US RCT.
Our study has important limitations. The ATNS intervention was delivered entirely automatically, and there was limited engagement with individual phone calls. A shorter call, or one for which patients had been better prepared prior to receiving it for the first time (perhaps with an in-person walk-through) might have been more effective, though these modifications may have reduced the generalizability of an otherwise low-cost, "easy" intervention. Moreover, there was significant loss to follow-up despite several attempts to reach patients. The clinic population is known to travel frequently, which may have played a role both in driving down engagement and also reducing our ability to assess our patients at a return visit.
In summary, in the current RCT community-dwelling Spanish-speaking adults living in the Oakland area did not experience any benefit from a seemingly promising, low-cost ATNS intervention. The failure to translate evidence generated in Mexico to the United States, while disappointing, underscores the importance of tailoring health care interventions to one's target audience and specific population. Further work is needed to better understand the ideal settings in which an ATNS system is beneficial, as if it can be shown to be effective in these other settings, its cost and scalability will be particularly attractive as an adjunct to disease management programs for patients with diabetes in limited resource settings.
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